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ABSTRACT

Introduction: As of 30 April 2020, 203.715 SARS-CoV-2 infections had been reported in Spain, 54.486
in Madrid, 21.4% were health care workers. Our objective is to determine seroprevalence of COVID-19
among workers in a monographic pediatric hospital.
Methods: Between April13th and 30t™, 1.523 health workers were recruited to be tested for SARS-CoV-2
serology screening (All Test®) and they answered a questionnaire with demographic, epidemiological
and clinical information and previous exposure to COVID-19.
Findings: One thousand two hundred ninety two (84.8%) were tested. Positive serology (IgM and/or IgG)
to SARS-CoV-2 was found in 17.2% (222/1.292), in 15.5% (201/1.292) if only IgG was considered. Median
age was 44413 years, 73% were female. The 33.8%(75/222) were asymptomatic. Eighty one had a previous
positive rRT-PCR. The 14% (32/222) referred a family contact.
Conclusion: Serology prevalence for SARS-CoV-2 in workers of a pediatric hospital was higher than in
general population. Many of them had an unnoticed infection.

© 2022 Published by Elsevier Espafia, S.L.U. on behalf of Sociedad Espafiola de Enfermedades

Infecciosas y Microbiologia Clinica.

Seroprevalencia de infeccion frente a SARS-CoV-2 en trabajadores de la salud
en un hospital monografico pediatrico en Madrid (Espaiia)

RESUMEN

Introduccion: A 30 de abril de 2020, se habian notificado 203.715 infecciones SARS-CoV-2 en Espafia,
54.486 en Madrid, y el 21,4% eran trabajadores de la salud. El objetivo del estudio es determinar la
prevalencia serolégica de infeccién SARS-CoV-2 en trabajadores de un hospital monografico pediatrico.
Método: Del 13 al 30 de abril, 1.523 trabajadores fueron convocados a realizar un test serolégico
(All Test®) frente a SARS-CoV-2 y respondieron un cuestionario con informacién demografica, clinico-
epidemioldgica y de exposicion a COVID-19.
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Resultados: Mil doscientos noventa y dos (84,8%) fueron estudiados. La prevalencia serolégica (IgM y/o
IgG*) a SARS-CoV-2 fue del 17,2% (222/1.292) y del 15,5% (201/1.292) considerando IgG positiva. La edad
media fue 44 + 13 afios, el 73% eran mujeres. El 33,8% (75/222) fueron asintomaticos. Tenian rRT-PCR
positiva previa 81. El 14% (32/222) contacto familiar.
Conclusion: La prevalencia serolégica SARS-CoV-2 en los trabajadores de un hospital pediatrico fue mayor
que en la poblacién general. Muchos pasaron una infeccién inadvertida.

© 2022 Publicado por Elsevier Espafia, S.L.U. en nombre de Sociedad Espafiola de Enfermedades

Infecciosas y Microbiologia Clinica.

Introduction

The first case of COVID-19 in Madrid was recorded on 25
February 2020. As of 30 April, 203,715 cases had been reported
(Red Nacional de Vigilancia Epidemiolégica [Spanish National Epi-
demiological Surveillance Network] [RENAVE]); 58,486 of those
cases were in Madrid. Of them, 21.4% corresponded to healthcare
workers.!

The prevalence of SARS-CoV-2 infection in the generation pop-
ulation is around 5%-11%.2 Spain has more infected healthcare
workers than any other country in the world, with significant
variations in seroprevalence in studies conducted at general
hospitals.>® The serological prevalence in individuals under 19
years of age is 1%-4%.° Infections in Madrid in spring 2020 peaked
on 26 March, with 3,364 cases.!?

The procedure of choice for the diagnosis of acute SARS-CoV-2
infection is real-time reverse transcription-polymerase chain reac-
tion (rRT-PCR) testing on a nasopharyngeal swab. Rapid, simple,
highly sensitive and accurate tests must be available for purposes of
large-scale identification of people who recovered from the infec-
tion or had subclinical infection.''-13 Serological tests detect IgM
and IgG antibodies against SARS-CoV-2 in blood, serum or plasma,
and aid in understanding the epidemiology thereof and the role of
asymptomatic carriers.8 415 This is especially important in health-
care and community health workers.

The objective of this study was to determine the prevalence of
SARS-CoV-2 infection in professionals at a specialised paediatric
hospital since, as it had fewer infected patients, higher levels of
community exposure could be assumed.

Methods

This cross-sectional, descriptive study was conducted in work-
ers at Hospital Infantil Universitario Niflo Jests [Nifio Jesds
University Children’s Hospital] (Madrid), a specialised hospital with
180 beds.

In March and April 2020, 52 patients under 18 years of age with
a positive PCR test for SARS-CoV-2 were admitted.

The hospital had 1,523 workers, 1,197 of whom were women
(78%). All were offered serological testing between 13 and 30 April
2020 and invited to complete a survey. Workers on occupational
leave and workers who did not undergo serological testing were
excluded.

The variables analysed in seropositive workers were: age, sex,
chronic diseases, tobacco use, symptoms (low-grade fever or fever,
cough, sore throat, difficulty breathing, ageusia, anosmia, muscle
pain, headache, asthenia, chills, etc.), date of onset of symptoms and
contact with confirmed or possible cases of COVID-19. The results
of prior rRT-PCR tests were collected.

A rapid immunochromatographic assay in venous blood (All
Test® 2019-nCoV IgG/IgM rapid lateral flow immunoassay) was
used due to its availability and ease of use. At that time, enzyme-
linked immunosorbent assay (ELISA) was not yet commercially
available.

Ethical considerations

The study was approved by the hospital’s independent ethics
committee.

Statistical analysis

Age, the sole quantitative variable, was reported in terms of
median and interquartile range. For qualitative variables, percent-
ages and corresponding 95% confidence intervals were calculated.
Qualitative variables were compared using the chi-squared (x?)
test. A difference was determined to be statistically significant with
a p value of 0.05.

Results

Of the workers, 84.3% (1,292/1,523) had the test done. The
prevalence of positive (IgM and/or IgG) serology for SARS-CoV-2
was 17.2% (95% Cl: 15.16%-19.35%). The results listed below relate
to this group of seropositive workers:

e The median age was 46 (range: 20-68) years; 74% were women.
Among healthcare workers, (75%), 27% (60) were auxiliary staff,
19% (43) were physicians and 19% (42) were nurses. Among non-
healthcare workers, the largest percentage of those who tested
positive were administrative staff, with 10.9% (24), followed by
cleaning staff, with 6.3% (14). The date of onset of symptoms was
reported as 16 March by 40% of workers.

e The most common symptoms were respiratory symptoms (50%),

fever or low-grade fever (34%), ageusia and/or anosmia (38.7%),

general symptoms (30%), and gastrointestinal symptoms (26%).

Asymptomatic cases accounted for 33.8% of the total. There were

no significant differences in rates of asymptomatic patients by

age group or gender. Overall, 12% were smokers. Smoking was
reported by 18.7% of the asymptomatic workers versus 8.8% of

the symptomatic workers (p <0.05) (Table 1).

The largest share of seropositive individuals worked in a gen-

eral hospitalisation area (19.8%), followed by oncology (14.9%)

and intensive care (8.6%). In 32 (14.3%) workers, there was prior

contact with a family member.

Table 2 shows the results of serology and rRT-PCR testing and the

numbers of asymptomatic professionals.

e For those with positive results for IgM, subsequent rRT-PCR tests
were ordered for confirmation of infection; all of them came back
negative.

Discussion

Given that numbers of patients admitted to a specialised pae-
diatric hospital were much lower than numbers of adult patients
admitted to hospital, this study is important as its results can be
compared to those of other studies at other centres prioritising
COVID-19 care.%
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Table 1
Epidemiological characteristics of workers with positive serology.
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Symptomatic Asymptomatic Total p value
n (%) n (%) n (%)

Gender

Female 110(74.8) 53(70.7) 163 (73.4)

Male 37(25.2) 22(29.3) 59 (26.6) 0.507
Age

20-30 years 2(21.8) 16 (21.3) 48(21.6)

31-40 years 29(19 7) 15 (20) 44(19.8)

41-50 years 29(19.7) 11 (14.7) 40(18) 0.459

51-60 years 42 (28.6) 19 (25.3) 61 (27.5)

>60 years 15(10.2) 14 (18.7) 29(13.1)
HTN 7(4.8) 3(4) 10 (4.5) 0.796
Diabetes 3(2.0) 0 3(1.4) 0.213
Obesity 13 (8.8) 4(5.3) 17 (7.7) 0.352
Comorbidities

Asthma 12 (8.2) 3(4) 15(6.8) 0.242

Heart disease 3(2) 2(2.7) 5(2.3) 0.766

Autoimmune disease 5(3.4) 2(2.7) 7(3.2) 0.767

Thyroid disease 9(6.1) 4(5.3) 13(5.9) 0.813

Cancer 1(0.7) 1(1.3) 2(0.9) 0.626
Smokers 13 (8.8) 14 (18.7) 27 (12.2) 0.034

HTN: hypertension; n: number of hospital workers.

Table 2

Results of serology and rRT-PCR testing and numbers of asymptomatic professionals.

Antibodies Serology Pre-serology rRT-PCR Post-serology rRT-PCR Asymptomatic
n (%) (positive/performed) (positive/performed) n (%)

Positive for IgM 21(94) 0/7 0/21 17/21 (81)

Positive for [gM and IgG 34(15.3) 9/13 1/31 13/34 (38)

Positive for IgG 167 (75.2) 72/100 1/25 45(167 (26)

Total 222 81/120 2/77 75/222 (33)

n: number of hospital workers; rRT-PCR: real-time reverse transcription—-polymerase chain reaction.

The prevalence of SARS-CoV-2 infection in the workers (17%)
was higher than in the general Spanish population (5%) and in the
population of Madrid (11%).2 Not counting cases positive for IgM
and considering only those positive for IgG, the prevalence would
come down to 15.5%.

According to our results, the reliability of diagnosis with a
positive result for IgM is limited, since rRT-PCR for confirmation
purposes came back negative in all cases, and most workers with
a positive result for IgM (80.9%) were asymptomatic. This suggests
that the test is very sensitive but not very specific, and points to the
possibility that those positive results were false positives.

It is important to note that more than one in four workers were
asymptomatic.

This higher prevalence could be explained by the fact that the
workers continued working and remained exposed to SARS-CoV-2
outside of their homes. It is unknown whether the environment
in which transmission most commonly occurred was the commu-
nity, the home or the hospital, or, within this, whether transmission
could have occurred through contact with patients, relatives and/or
co-workers. The fact that, during the first two months, just 52
COVID-19 patients were admitted to our hospital makes it more
likely that the sources of nosocomial transmission were work-
ers themselves. This was all the more likely considering that 33%
of them recovered from the infection following an asymptomatic
course and many recovered following a course with few symptoms.
However, it is also important to consider that the largest numbers
of positive cases occurred in the areas with the highest numbers of
COVID-19 patients (hospitalisation, oncology and intensive care).

It is essential to establish a preventive strategy, through active
pursuit of rRT-PCR testing of infected professionals, either system-
atically (e.g. at specific time intervals) or when a cluster of cases is
detected in an area of work and/or in workers who have a higher

risk of exposure or care for vulnerable patients. Serology testing is
essential in estimating levels of exposure and identifying higher-
risk areas.®12.16 The peak of symptom onset occurred in parallel to
the peak of community infections; therefore, this strategy would
be most useful at the height of epidemic transmission.'?

The limitations of this study included its analysis of a sample of
workers with positive serology results and the self-administered
nature of the survey, meaning that some questions may not have
been correctly interpreted. The study also lacked reliable informa-
tion on the nature of the contact between workers and patients
suspected of transmission and on the personal protective measures
used in each case. The serology technique selected can influence
the results.!” Immunochromatography can serve as a screening
method to determine seroprevalence in the population.'81° It is
more sensitive in serum or plasma than in capillary blood. ELISA
shows better diagnostic sensitivity, and therefore now prevails.?%-2!

Funding

This study received no specific funding from public, private or
non-profit organisations.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Acknowledgements

We would like to thank all the workers who completed the sur-
vey; the laboratory staff who did a great deal of work in a short
period of time; hospital management for acquiring the test; Dr Mer-
cedes Alonso, the head of the microbiology unit; and Dr M. Teresa



G Model

E. Escribano Ceruelo, M.A. Espinel Ruiz, M. Ortega Lopez-Peldez et al.

Garcia, an occupational medicine physician, for helping with the
study reported in this article.

References

10.

. Informes

. Folgueira

COVID-19 Red Nacional de Vigilancia Epidemiolégica
(RENAVE). 2020 [accessed 30 Abr 2020]. Available from: https://www.
isciii.es/QueHacemos/Servicios/VigilanciaSaludPublicaRENAVE/Enfermedades
Transmisibles/Paginas/-COVID-19.-Informes-previos.aspxitle.

. Instituto de Salud Carlos IIl. Estudio ENE-COVID19: primera ronda estudio

nacional de sero-epidemiologia de la infeccién por SARS-CoV-2 en Espaiia
informe preliminar 13 de mayo de 2020 [accessed 20 May 2020]. Available from:
https://www.ciencia.gob.es/stfls/MICINN/Ministerio/FICHEROS/ENECOVID_
Informe_preliminar_cierre_primera_ronda_13Mayo02020.pdf.

. Garcia-Basteiro AL, Moncunill G, Tortajada M, Vidal M, Guinovart C, Jiménez

A, et al. Seroprevalence of antibodies against SARS-CoV-2 among health care
workers in a large Spanish reference hospital. Nat Commun. 2020;11:3500,
http://dx.doi.org/10.1038/s41467-020-17318-x.

. Matabuena M, Meijide-Garcia C, Rodriguez-Mier P, Leboran V. COVID-19: Esti-

mating spread in Spain solving an inverse problem with a probabilistic model;
2020.

. Barallat J, Fernandez-Rivas G, Sanchez BQ, Martinez-Caceres. Seroprevalence of

SARS-CoV-2 IgG Specific Antibodies among Healthcare Workers in the Northern
Metropolitan Area of Barcelona, Spain, after the first pandemic wave. medRxiv.
2020, http://dx.doi.org/10.1101/2020.06.24.20135673.

. Dacosta-Urbieta A, Rivero-Calle I, Pardo-Seco ], Redondo-Collazo L, Salas A,

Goémez-Rial J, et al. Seroprevalence of SARS-CoV-2 Among Pediatric Healthcare
Workers in Spain. Front Pediatr. 2020;8:547.

. Suarez-Garcia I, Martinez de Aramayona Lopez MJ, Sdez Vicente A, Lobo Abas-

cal P. SARS-CoV-2 infection among healthcare workers in a hospital in Madrid,
Spain. ] Hosp Infect. 2020;106:357-63.

MD, Munoz-Ruiperez C, Alonso-Lopez MA, Delgado R.
SARS-CoV-2 infection in Health Care Workers in a large pub-
lic hospital in Madrid Spain, during March 2020. medRxiv. 2020,
http://dx.doi.org/10.1101/2020.04.07.20055723v2.

. Lu X, Zhang L, Du H, Zhang J, Liu YQJ. SARS-CoV-2 Infection in Children. N Engl J

Med. 2020;382:1663-5.

Centro Nacional de epidemiologia; Ministerio de Sanidad. COVID-19: Tasa de
crecimiento de la Comunidad de Madrid 2020 [accessed 13 May 2020]. Available
from: https://cnecovid.isciii.es/covid19/#declaracién-agregada.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Enfermedades Infecciosas y Microbiologia Clinica xxx XxXx XxX—XXX

Recomendaciones de SEIMC sobre el uso de las pruebas de detec-
ciéon de anticuerpos. 2020 [accessed 20 May 2020]. Available from:
https://seimc.org/contenidos/documentoscientificos/recomendaciones/seimc-
rc-2020-alta_personal_sanitario_con_covid-19.pdf.

World Health Organization. Laboratory testing  for  coron-
avirus  disease 2019 (COVID-19) in suspected human cases.
2  marzo 2020 [accessed 13 May 2020]. Available from:

https://apps.who.int/iris/bitstream/handle/10665/331329/WHO-COVID-
19-laboratory-2020.4-eng.pdf.

Deeks J], Dinnes J, Takwoingi Y, Davenport C, Spijker R, Taylor-Phillips S, et al.
Antibody tests for identification of current and past infection with SARS-CoV-2.
Cochrane Database Syst Rev. 2020;6:CD013652.

Nishiura H, Kobayashi T, Miyama T, et al. Estimation of the asymptomatic ratio
of novel coronavirus infections (COVID-19). Int ] Infect Dis. 2020;94:154-5.
World Health Organization. Advice on the use of point-of-care immunodi-
agnostic tests for COVID-19. 2020 [accessed 13 May 2020]. Available from:
https://www.who.int/publications-detail/advice-on-the-use-of-point-of-care-
immunodiagnostic-tests-for-covid-19-scientific-brief.

Wau X, Fu B, Chen L, Feng Y. Serological tests facilitate identification of asymp-
tomatic SARS-CoV-2 infection in Wuhan, China. ] Med Virol. 2020;92:1795-6.
Whitman JD, Hiatt ], Mowery CT, Shy BR, Yu R, Yamamoto TN, et al. Test
performance evaluation of SARS-CoV-2 serological assays. MedRxiv. 2020;2,
http://dx.doi.org/10.1101/2020.04.25.20074856.

Antonio Moreno Borraz L, Giménez Lépez M, Carrera Lasfuentes P, Gonzilez
Pérez E, Ortiz Domingo C, Luis Bonafonte Marteles ], et al. Prevalencia de
infeccién por coronavirus SARS-CoV-2 en pacientes y profesionales de un hos-
pital de media y larga estancia en Espafla. Rev Esp Geriatr Gerontol. 2020,
http://dx.doi.org/10.1016/j.regg.2020.10.005.

Pérez-Garcia F, Pérez-Tanoira R, RomanykJ, Arroyo T, Gomez-Herruz P, Cuadros-
Gonzalez ]. Alltest rapid lateral flow immunoassays is reliable in diagnosing
SARS-CoV-2 infection from 14 days after symptom onset: A prospective single-
center study. J Clin Virol. 2020;129:104473.

Valdivia A, Torres I, Huntley D, Alcaraz MJ, Albert E, Gonzalez C, et al. Diagnostic
significance of SARS-CoV-2 IgM positive/IgG negative antibody profile in symp-
tomatic patients with suspected COVID-19 testing negative by RT-PCR. ] Infect.
2020;82:e15-6.

Younes N, Al-Sadeq DW, AL-Jighefee H, Younes S, Al-Jamal O, Daas HI, et al. Chal-
lenges in Laboratory Diagnosis of the Novel Coronavirus SARS-CoV-2. Viruses.
2020;12:582.


dx.doi.org/10.1038/s41467-020-17318-x
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0010
dx.doi.org/10.1101/2020.06.24.20135673
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0020
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0025
dx.doi.org/10.1101/2020.04.07.20055723v2
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0035
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0040
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0045
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0050
dx.doi.org/10.1101/2020.04.25.20074856
dx.doi.org/10.1016/j.regg.2020.10.005
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0065
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0070
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075
http://refhub.elsevier.com/S2529-993X(22)00048-X/sbref0075

